Six influenza A(H1N1)pdm09 viruses were detected in Sapporo, Japan, between November and December 2013. All six viruses possessed an H275Y substitution in the neuraminidase protein, which confers crossresistance to oseltamivir and peramivir. No epidemiological link among the six cases could be identified; none of them had received neuraminidase inhibitors before specimen collection. The haemagglutinin and neuraminidase genes of the six viruses were closely related to one another, suggesting clonal spread of a single resistant virus.
Detection of mutant H275Y influenza A(H1N1)pdm09 viruses
Between September and December 2013, 76 influenza A(H1N1)pdm09 viruses were detected in 20 local public health institutes in Japan and then screened by allelic discrimination [1] and/or neuraminidase (NA) gene sequencing to detect an H275Y substitution, which confers resistance to oseltamivir and peramivir [2] (Figure 1 ). This is part of our nationwide monitoring for antiviral-resistant influenza viruses in cooperation with 74 local public health institutes [2] : such surveillance is important for public health planning and clinical recommendations for antiviral use. We found that seven of the 76 influenza A(H1N1)pdm09 viruses possessed the H275Y substitution. Six of the seven H275Y mutant viruses were detected in Sapporo, the capital city of Hokkaido, the second-largest island in Japan. The seventh case was detected from another part of the country. In Sapporo, six influenza A(H1N1)pdm09 viruses were detected during weeks 46-50, and all six viruses possessed the H275Y substitution. Elsewhere in Hokkaido, nine influenza viruses were detected: all were influenza A(H3N2) viruses. In this article, we focus on the analysis of the six H275Y mutant viruses detected in Sapporo.
Isolate details from the six cases in Sapporo are shown in Table 1 . Clinical specimens of the patients were collected in three paediatric clinics (serving outpatients only) and two general hospitals (serving outpatients and inpatients). Five of the six patients were male and four were children (aged up to 10 years). Five male patients showed mild symptoms and received only outpatient care, but a woman in her late 30s without underlying disease was hospitalised for severe pneumonia. She was admitted to an intensive-care unit because of acute respiratory distress syndrome and is currently in critical condition. All six cases occurred sporadically and no epidemiological link among them could be identified. None of them had received NA inhibitors before specimen collection. The nucleotide sequences of the haemagglutinin (HA) and NA genes of the six viruses were closely related to one another ( Figure 2 ). These results suggest the clonal spread of a single H275Y mutant virus in Sapporo.
Antiviral susceptibility of H275Y mutant viruses
We analysed the susceptibility of five of the six H275Y mutant viruses detected in Sapporo to four NA inhibitors approved in Japan: oseltamivir, peramivir, zanamivir and laninamivir ( [4] . For influenza A viruses, normal (<10-fold increase), reduced (10-100-fold increase) or highly reduced (>100-fold increase) inhibition were defined. All five H275Y mutant viruses showed more than 600-and 170-fold increased IC 50 values to oseltamivir and peramivir, respectively, compared with the 275H reference virus. However, the IC 50 values of the H275Y mutants to zanamivir and laninamivir were comparable to those of the 275H reference virus. These results indicate that the five H275Y mutant viruses tested exhibit highly reduced inhibition by oseltamivir and peramivir, but remain fully susceptible to zanamivir and laninamivir.
In the United States, the Centers for Disease Control and Prevention reported that 10 (1.3%) of 768 influenza A(H1N1)pdm09 viruses were resistant to oseltamivir in the 2013/14 season, as of week 51 2013 [5] . Five of the 10 resistant viruses were detected in Louisiana and Mississippi (Table 3) , suggesting a cluster of resistant viruses. The largest cluster of influenza A(H1N1) pdm09 viruses with the H275Y substitution occurred in Newcastle, Australia, in 2011: 29 (15%) of 191 influenza A(H1N1)pdm09 viruses possessed the H275Y substitution [6] .
For comparison with the six H275Y mutant viruses detected in Sapporo, HA and NA gene sequences of the H275Y mutant viruses isolated in the United States and Australia were downloaded from the EpiFlu database of the Global Initiative on Sharing All Influenza Data (GISAID) ( Table 3 ). The HA and NA genes of the
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Detection of influenza A(H1N1)pdm09 viruses with H275Y substitution, September-December (weeks 36-51) a , Japan (n=76) H275Y mutant viruses in Sapporo, the United States and Australia were distinct from one another (Table 4) .
Discussion
During the 2007/08 influenza season, an oseltamivirresistant former seasonal influenza A(H1N1) virus emerged in Europe and became the majority of A(H1N1) viruses within a year [7] . This oseltamivir-resistant A(H1N1) virus possessed the H275Y substitution; some additional amino acid substitutions were also reported for the virus that could make the mutant virus biologically stable [8, 9] . Since the H275Y substitution would destabilise the mutant virus, the oseltamivir-resistant A(H1N1) virus probably acquired the capacity for efficient human-to-human transmission through these stabilising substitutions. In the case of H275Y mutants of influenza A(H1N1) pdm09 viruses, three substitutions (V241I, N369K and N386S) in the NA protein may offset the destabilising effect of the H275Y mutation [6] . The influenza A(H1N1)pdm09 virus that appeared in 2009 as a pandemic virus had none of these stabilising substitutions, whereas the A(H1N1)pdm09 viruses that have been circulating since 2011 to date have acquired two of the three substitutions. The H275Y mutant viruses detected in a community cluster in 2011 in Newcastle, Australia, contained these three substitutions [6] . Furthermore, the same substitutions were detected in H275Y mutant viruses isolated from Dutch travellers returning from Spain in 2012 [10] . In our study, all H275Y mutant viruses detected in Sapporo possessed V241I, N369K and N386K substitutions (Table 4) ; H275Y mutant viruses found in the United States possessed only V241I and N369K substitutions (Table 4) . Before the 2013/14 influenza season, we had not detected any H275Y mutant viruses with V241I, N369K and N386K substitutions in Japan. The effect of the N386K substitution -at the same position but with an amino acid residue that differs from N386S previously reported for H275Y mutant viruses -remains to be clarified.
D222G and Q223R substitutions in the HA protein of influenza A(H1N1)pdm09 viruses are known to cause a switch in receptor-binding preference from human-type α-2,6 to avian-type α-2,3 sialic acid [11] [12] [13] . All H275Y mutant viruses detected in Sapporo and the United States in the 2013/14 season did not contain these substitutions that would be associated with increased pathogenicity (Table 4 ). The reason why the patient in her late 30s in Sapporo developed severe pneumonia has yet to be studied.
It has been shown that oseltamivir-resistant influenza A(H1N1) virus infection reduced the effectiveness of oseltamivir and this tendency was more apparent in children 0 to 6 years old [14] [15] [16] . Among patients from whom oseltamivir-and peramivir-resistant A(H1N1) pdm09 viruses have been detected in Japan, the percentage with no known exposure to NA inhibitors has increased significantly, from 16% during the pandemic period to 44% during the post-pandemic period [2] . These observations may suggest that human-to-human transmission with H275Y mutant viruses has increased gradually in the post-pandemic period. Consequently, surveillance of antiviral-resistant influenza viruses should be continued and strengthened, particularly for the choice of antiviral drugs. 
